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Abstract— A robust controller with chattering is proposed for variable speed control of a two-bladed 
horizontal axis wind turbine similar to the DOE MOD-0 model. The chattering term provides robustness 
against un-modeled non-linearities. To validate the performance of the proposed controller, a dynamic 
wind model has also been developed. This model is based on using an harmonic oscillator with an additive 
white noise to capture some stochastic behavior of the wind perturbation.  
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I. INTRODUCTION 
There are two types of wind control for turbines, termed constant speed control and variable 
speed control [3]. Due to external perturbations, such as random wind fluctuations, wind shear and 
tower shadows, variable speed control seems to be the trusted option to optimize the operation of 
wind turbines [2], [8], [9]. Moreover, these external perturbations can excite the oscillation mode of 
the mechanical system of the turbine, requiring a robust controller to mitigate the effects [2]. 
Principal turbine configurations include the doubly-fed induction generator with voltage source 
converter [7], the grid-connected double-output induction generator [2], and the two-bladed 
horizontal axis similar to the DOE MOD-0 [8]. In this work, we use the DOE MOD-0 turbine 
configuration to design a robust variable speed control. The controller forces the rotor speed to track 
a desired speed reference signal chosen according to the fundamental operating modes. 
From the point of view of control design, the proposed controller belongs to the class of 
chattering controllers previously developed for mechanical systems with friction [4]. Chattering 
controllers have been proven to be robust against model variation and external perturbations. This 
robustness quality is attractive for wind control due to the stochastic wind variation and the 
uncertainties introduced in modeling for control design. To validate the performance of the proposed 
controller, a dynamic wind model has also been developed. This model is based on employing an 
harmonic oscillator with an additive white noise to capture some stochastic behavior of the wind 
perturbation. In the numerical simulations, the proposed controller appears not only to be robust in 
the presence of parameter uncertainties and stochastic wind variation, but also to reject model and 
external perturbations. This is another benefit of chattering control, which is a special case of sliding 
mode control. Although we are using a wind turbine model simpler than the wind turbine involving 
double fed induction generator or direct driven synchronous generators, our proposed controller can 
be extended to these models. 
II. NONLINEAR MODEL 
The subsystems composing the wind-to-electric system converter are modeled by (see Figure 1):  
 a wind model for generating a wind speed signal that can be applied to the rotor;  
 a rotor model for converting the kinetic energy into mechanical power;  
  a generator/converter model to convert mechanical power into electric power;  
 a speed controller that influences the rotor speed.  
 
   
Figure 1: Subsystems of the wind-to-electric power converter model. 
A. Wind model 
The basic components of a wind model are: the mean wind speed, the wind speed ramp, wind 
gust, and turbulence. With the emphasis on sinusoidal-type wind variation, one option is to model 
the wind signal with a second-order differential equation with an asymptotically stable limit cycle. A 
good candidate is the following harmonic oscillator [5]:  
ݔሷ ൅ ߝሾሺݔ െ ݔ଴ሻଶ െ ߩ଴ଶሿݔሶ ൅ ߤଶሺݔ െ ݔ଴ሻ ൌ 0.    (1) 
The above system has a stable limit cycle that attracts every trajectory except the unique 
equilibrium point ሺݔ, ݔሶ ሻ ൌ ሺݔ଴, 0ሻ. The parameter ߩ଴ controls the amplitude of the limit cycle, ߤ 
controls its frequency, ߝ controls the transient speed to the limit cycle, and ݔ଴ is the offset of ݔሺݐሻ. 
The limit cycle is given by ݔଶ ൅ ௫ሶ మఓమ ൌ ߩ଴ଶ. Figure 2 (left) shows the simulation results of this 
harmonic oscillator when ߤ ൌ 2ߨ, ݔ଴ ൌ 2, ߩ଴ ൌ 0.5 and ߝ ൌ 10. 
 
Figure  2: Simulation results for the harmonic oscillator (left) and for the stochastic harmonic oscillator (right) 
with ݔሺ0ሻ ൌ ݔሶሺ0ሻ ൌ 2. 
However, this wind signal does not take into account the stochastic nature of the turbulence. In 
order to introduce a white noise, equation (1) is modified as  
     ݔሶଵ ൌ ݔଶ ൅ ܹ݀ሺݐሻ 
     ݔሶଶ ൌ െߝሾሺݔଵ െ ݔ଴ሻଶ െ ߩ଴ଶሿݔଶ ൅ ߤଶሺݔଵ െ ݔ଴ሻ 
where ܹሺݐሻ is a Wiener process. This is a continuous-time stochastic process, which is often called 
Brownian motion. In this state-space representation of equation (1), ݔଵ ൌ ݔ and ݔଶ ൌ ݔሶ . In this 
way, the wind signal has a deterministic component and a stochastic component that depends on a 
 random variable. Figure 2 (right) shows the simulation results of the stochastic harmonic oscillator 
when ߤ ൌ 2ߨ, ݔ଴ ൌ 2, ߩ଴ ൌ 0.5 and ߝ ൌ 10. The signal ݔሺݐሻ ൌ ݔଵሺݐሻ can be used as the wind 
speed signal ݑሺݐሻ. 
B. Rotor model 
Here a simplified model of the rotor is used, see [2], [7], [8]. This simplified model assumes an 
algebraic relation between wind speed and the extracted mechanical power, and it is described by the 
following equation:  
 ௠ܲሺݑሻ ൌ ଵଶ ܥ௣ሺߣ, ߚሻߩߨܴଶݑଷ,     (2) 
where ߩ is the air density, ܴ is the radius of the rotor, ݑ is the wind speed, ܥ௣ represents the 
power coefficient of the wind turbine, ߚ denotes pitch angle, and ߣ is the tip-speed ratio given by  
 ߣ ൌ ோ௪௨ ,      (3) 
where ݓ is the rotor speed. For simulation experiments we will take the following ܥ௣ coefficient 
[6]:  
 ܥ௣ሺߣ, ߚሻ ൌ 0.73 ቀଵହଵఒೌ െ 0.58ߚ െ 0.002ߚ
ଶ.ଵସ െ 13.2ቁ ݁ିଵ଼.ସ/ఒೌ,        ߣ௔ ൌ ଵభ
ഊషబ.బబమഁି
బ.బబయ
ഁయశభ
. 
From (2) and (3), we have  
௠ܲሺݓሻ ൌ ݇௪ݓଷ,      (4) 
where ݇௪ ൌ ଵଶ ܥ௣ߩߨ
ோఱ
ఒయ. 
C. Model of the generator and the converter 
The system (see Figure 3) consists of an aero-turbine, a gear-box, and a generator. ௠ܶ is the 
input wind torque, which produces a wind turbine speed ݓ. ௘ܶ is the torque produced by the 
generator with an angular velocity ݓ௘. ܶ and ௣ܶ are the torque before and after the gear box, 
respectively. ௣ܶݓ௘ ൌ ܶݓ. ܬ௠ and ܬ௘ are the inertia moments of the turbine and the generator, 
respectively. 
 
Figure 3: Schematic representation of the generator/converter system. 
The dynamic model of this system is stated as follows [8]:  
 ܬݓሶ ൅ ܤݓ ൅ ܭߠ ൌ ௠ܶ െ ߛ ௘ܶ,      (5) 
  
  ܬ ൌ ܬ௠ ൅ ߛଶܬ௘, ܤ ൌ ܤ௠ ൅ ߛଶܤ௘, ܭ ൌ ܭ௠ ൅ ߛଶܭ௘, ߛ ൌ ௪೐௪ , 
 where ܤ௠ , ܭ௠ , ܤ௘  and ܭ௘  are the friction and torsional constants of the aero-turbine and 
generator, respectively, and ߠ ൌ ߠሺݐሻ ൌ ׬  ௧଴ ݓሺ߬ሻ݀߬. The electric power generated by the system is 
[8]:  
 ௘ܲ ൌ ܭ஍ݓ௘ܿሺܫ௙ሻ,      (6) 
where ܭம is a machine constant, ܿሺڄሻ is the flux in the generating system, and ܫ௙ is the field 
current obtained by the following electric dynamic system:  
 ܮܫሶ௙ ൅ ܫ௙ ௙ܴ ൌ ݑ௙,      (7) 
with ܮ, ܫ௙, ௙ܴ and ݑ௙ being the inductance of the circuit, the field current, the resistance of the 
rotor field, and the field control voltage, respectively. It is assumed that the system operates in the 
non-saturated magnetic range [8]. A linear flux is also assumed, i.e., ܿሺܫ௙ሻ ൌ ܫ௙. Given equations (4) 
and (6), the system equation (5) can be written as:  
 ܬݓሶ ൅ ܤݓ ൅ ܭߠ ൌ ௉೘௪ െ ߛ
௉೐
௪೐.      (8) 
Then, the generator/converter model is given by the system equations (7) and (8). 
D. Rotor speed controller 
The variable speed control objective can be stated as follows. Design a control voltage ݑ௙ in 
equation (7) such that the rotor speed ݓ in equation (8) closely tracks the desired speed (ݓכ). 
Because of external perturbations and the need to extract the optimal value of the wind power, the set 
point ݓכ is a time variable; that is, ݓכ ൌ ݓכሺݐሻ. It is assumed that ݓכ, ݓሶ כ,and ݓሷ כ are bounded. 
III. ROBUST CONTROL DESIGN 
The robust variable speed voltage control law is given by:  
 ݑ௙ ൌ െ ோ೑ఊ௄ದ ሾܬሺݓሶ
כ ൅ ሺݓכ െ ݓሻ ൅ ሺߠכ െ ߠሻ ൅ ݇௦ݏ݃݊ሺݓכ െ ݓሻሻ ൅ ܤݓ ൅ ܭߠ െ ݇௪ݓଶሿ. (9) 
The proof of globally asymptotically stability of the error dynamics is given in [1]. 
IV. SIMULATION RESULTS 
In this section, the numerical results of the proposed robust controller are given. To be congruent 
with reality, the following control law is considered:  
 ݑ௙ ൌ െ ோത೑ఊ௄ഥದ ሾܬ ҧሺݓሶ
כ ൅ ሺݓכ െ ݓሻ ൅ ሺߠכ െ ߠሻ ൅ ݇௦ݏ݃݊ሺݓכ െ ݓሻሻ ൅ ܤതݓ ൅ ܭഥߠ െ ݇௪ݓଶሿ, 
where തܴ௙, ܭഥம, ܬ ҧ, ܤത , and ܭഥ are the nominal values, which differ from the real values in equation 
(9). The real values are as follows: ௙ܴ ൌ 0.02  Ω , ܮ ൌ 0.001  ܪݖ , ܬ ൌ 16  ݇݃  ݉ଶ , ܤ ൌ 52 , 
ܭ ൌ 52, and ܭம ൌ 1.7. We take the following nominal values: തܴ௙ ൌ 0.02  Ω, ܬ ҧ ൌ 18  ݇݃  ݉ଶ, 
ܤത ൌ 50, ܭഥ ൌ 50, and ܭഥம ൌ 1.8. In addition, we set ߛ ൌ 37.5 and ݓכሺݐሻ ൌ 2 ൅ sinሺݐሻ (rad/s) 
[8]. The wind signal ݑሺݐሻ is described in Figure 3, where ݑሺݐሻ ൌ ݔሺݐሻ. To complete the rotor 
model, we take ߚ ൌ 1 deg., ܴ ൌ 5  ݉ , and ߩ ൌ 1.21  ݇݃/݉ଷ . Figure 4 shows the controller 
performance (ݓሺ0ሻ ൌ 1 rad/s, ܫ௙ሺ0ሻ ൌ 0, ߠכሺ0ሻ ൌ 0, and ߠሺ0ሻ ൌ 0) for several values of the gain 
݇௦. When ݇௦ ൌ 0, a controller similar to the one given by [8] is obtained. It is clear that the 
controller performance is improved when ݇௦ ൌ 1  and ݇௦ ൌ 5  due to the chattering term. 
Moreover, with ݇௦ ൌ 5, an almost perfect tracking control is achieved in spite of parameter 
uncertainties and wind speed signal variation. 
  
Figure 4: Numerical performance evaluation of the wind converter system. 
Remark 1 Note that ߠ ൌ ׬  ௧଴ ݓ݀߬, so this implies that ߠሶ ൌ ݓ. In order to obtain numerical 
stability the following modification is introduced in the numerical simulations: ߠሶ ൌ െߠ ൅ ݓ. This 
technique is common in adaptive control to avoid drift behavior. 
V. CONCLUSIONS 
A robust variable speed control was developed for a wind turbine similar to the DOE MOD-0 
model. Robustness is achieved by introducing a sign term to the error dynamics. Finally, a nonlinear 
dynamic oscillator with an additive white noise was used as a source of wind speed signal for 
numerical simulations. 
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